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FIRS T QTRTY RiUPORT

Contract .36,-039-SC-86737
0der , 19059-PP-62-81-81

011-,,- (X11- 6 ) U

Purpose

The purpose of th:lt' study is to design and carry out

the production engineerinIF, i ecessary for the m.emufacture

of quartz crystals fo filt pplications operating on

the third ove:r-tone ia the frequency range o' 30 to 60 o/s

in accordance with SignalOo:C os Specificatioi SCS-135 elated

20 February 1962.,

It is also the purpose of this prograrm to carry out

Step I of the Production .igiueering Peaeures as specified

in Signal Corps :du..tri1 i Preparedness Pro ourement

Requirements .Y15 dated Oc'tobsr 1958.V
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Design. data for. AT c .t Quarxtz Crystals for filter

applications operating on the third overtone at 30 140/s

is presented.

An evaluation of forty-four crystal units with

two electrode sizes and t',o Tno unting positions is given,

A comparison of the electrical parameters between

the crystals fabrication end the ultimate design goal

is also given.
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NARRA Ti VE

It was origin.ally cLed that the first units would

be made on the frequencies of 30 45, 60 Ma/s respectively.

However, after a discussion with Mr. Ed Mason and Xro Ermon

Jones on 2 October 1962, it was decided to fabricate all

of the initial units at the 30 MC/s frequency,

The crystals were to be essentially the same design

as those used by IHernres E1lectronics on 0ontret DA-.3&039-

SC.-78242 as described in t3he Third Quarei-ly Report.

The masks were mtade up to give electrode areas of ,046

inches and 064 inches respectively,, All work was to be

done using our standard production methods and tecl-ulques.

Figo 12 is a copy of the 'ork order issued to our shop for

44 crystals ,

The crystals were catalogued in such a Trmy that they

could be readily identified as to frequency, electrode dia-

meter and orientation of the blauk in the holder0 The

designations are as follows:

SC-1330, ,064" electrode diameter mounted ulth the
springs on 9 I' axis

SU-l1430, ,064" electrode diameter mounted i-eith the
springs on X. X1

SO-ll130 .,046" elect'ode diameter mounted with the
springs on Z, Z

S -1230 ,046"I electrode diameter mounted with the
springs on X, X
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All blanks were semi-:.ollshed in a Van~oney Iapp, They

were flat to one light fringe i.hen examined under a mono-

chromatic light with an optical flat, The surface finish

was 3 micro-inohes measured with a Brush Surfindicator

Model BL-110o

The crystalo were then examined under a 15X microscope,

some scratches were observed,, It was also noted at this

point that the outer edge of the crystals seemed to have a

lesser degree of polish thinn the center, hich would tend to

make one believe that the crystals were slightly convex,,

The crystals were base plated at a pressure of at least

5 x l0 5 14 of Mercury or better, They received a flash coat

of aluminum followed by an evaporated coat of fine silver:

sufficient to bring them within +90 KO/e of the finished

frequency. At this point we encountered some difficulty in

making 'the plating adhere to the blanks wivth sufficieut

tenacityp it being com-mon know.iledge that aluminum electrodes

are quite necessary when plating polished crystals,,

We felt it advisable to use a combination of alumintun

and silver rather then go to an all aluminum electrode, the

reason for this being that it would entail introducing new

techniques of finishing vih-ich are different from that with

which ie are familiar, since much of our experience has been

with unpolished crystals and silver electrodes, We further

believe that by using the silver aluminum combination that we

will be able to take advantage of certain techniques whi ch will

allow us to increase the electrode area wilthout causing dilet.-rious

effects on the mode configuration and vwill at the same time allow

us to more fully realize the other parameters of the crystal,,
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-~r o ~ d on~v tht-i SO-14-60

. 'e $ ,,,430 n,. "Ca 11'i.e rotb iee"Ii thp requireizjentE, ;

the speoifioatlon v'ere orth a oomparison as to what should

be expected of this particular design and itat we actually

achieved

The design of the S0-I./430 is ehown In Figure 13,

The mean value of ;he parameters for the SC-1.430 design

are compared with the parameters as taken from the SOS-135

Specification,

aalax-Q SCS- 135
lo = 30 MAI/ FO 30 MC/

Co = 989 pf Co 1,5 pf

R250 olms it 10o0 ohmG

df = 95 Cps df 200 Cps

01 = 1,,33 x 0-4  01  =3 x o.0-4 pf

r 7439 r 5000

Q = 200 x = 200xO

L = "250 heny L 100 henry
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The examination of these parameters will show that at

30 XO/s a slightly larger diameter spot Ill be necessary to

meet the requirements of 0I , Oo and df. The resistance should

show great improvement with the increased electrode area and

a finer finish on the crystal.

Unwanted Modes

The S-1430 crystal units were all scanned for unwanted

modes and X Y plots made for seven units,

Fig. 14 shows the arrangement of the test equipment used

in the Mode Analysle. Fig. 1 and 2 are X Y plots on a 9.986

MO/s crystal operating on the 3rd overtone, and a 30.0 MC/s

fundamental crystal respectively.

Figs. 3 and 4 show the results obtained when the SO-1430

crystals are scanned over• the entire frequency range as

recti.ured in the SCS-135 Specification. It is quite evident

upon examination of these curves that some of the crystal

responses could possible go unobserved,

Figs. 5 through 11 are X Y plots of seven S0-1430 crystal

units. In each case the Y axis vas calibrated with the crystal

shorted out.

There was considerable difficulty involved in plotting these

curves since the signal generator must be swept manually and at

an extremely slote rate so as not to miss any of the responses.

quite often there would be a question as to the true amplitude

of the responses.
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It is felt at this t.ime that the modes observed In the

S-1430 crystals were definitely below the 40 db requirement

with respect to the short circuit reference condition,

Further work on the measuring technique with regard to

the accuracy of the Mode level measurement is indicated,

ia

I
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CONCLUSIONS

The first lot of crystals processed for this program

were not of sufficient quality to meet the requirements of

the SCS-135 Specification with respect to all of ths para-

meters except the unifanted modes. It is quite ovident that

the baelc problem was a combination of surfaco condition of

the crystal wid poor tenacity of the electrode plating,

further it is believed that the selection of the electrode

size was not sufficient to meet the capacitance ratio

requirement of the SCS-135o

Due to the quality of the SC-1130, S0-1230 and $0-1330

which wams not comparable to the SO-1430 unita no accurate

evaluation of the method of mounting the crystals could be

made,, However, in the future this ill be investigated,

There -ms also a considerable amount of time spent

during the interval covered by this report in setting up

equipment to fabricate and test the crystal units.

We experienced several delays in obtaining equipment

for the project.

It is felt that these delays should be considered as

genuine Lead Time problems in considering fature programs,

We are presently about 30 days behind schedulo.
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PROGRA FOR THE NEXT INTERVAL

Immediate plans call for the processing of approxi-

mateJy 50, o312 diameter blawks LLnd 50v .250 diameter blanks,

A more rigorous Investigation of the poliehing technique

and plating adherence problems will be undertaken if it

ia neoesesry to go to an all alum-utm electrode i will.

The electrode area -aill be increased to allow us to

meet the requirements of the SOS-135 Specification.

Ay queastions regarding t1he accuracy or technique of

measuring the crystal parameters will be resolved during

this period, Another conference vith Dr. Beohmann is belng

planned for the near future.
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On 13 September 1962 a conference ias held at Fort

Monmouth with Dr, Rudolph Bechnn=, 14r,, Frank Priebe and

Mr. Heinz Wasshausen of the UoS , Army Electronics Research

and Development le.boratory of Fort Monmouth,,

The diecussion covered the measurement of crystal

parameters as specified in the S%-135 Specification,

On 2 October 1962 a conference was held at .o

Le~ris Co., Inc. with ir; Rk Masor of USAB VA and Mr,. Ermon

Jones of USASII4SA, The following points were discussed:

9, The initial wor~k xa, first engineering samples

w ould be at the 30 1O/s frovency.

b,, The surface condition of the cilrtals will be

analyzed with the Brash Surfindiceator,

c. Crystals will be processed in both .312 and ,,250

diameter,

d. We will evaluate both silver and aluminum electrodes.

e. An evaluation of noed for a Teflon liner will be made,

f.. The 5 G at 5 crp vibration requirement will have to

be evaluated in that the V B Electronic Co. Model 0-11

vibration equipment as specified in the SCS-135 Specification

will not specifically meet this requirement°
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Fl,, Mc~ombls dutiea at B. B., lewis 0o are primfir

conoerz.ed witth the deeign of Q1VUrt2 Crystals for filter

applioation. -Mr. YcOomb atttended ublio Schools in

Springfield, VI'ssachusetts.

'Le Ieco in the United States ",Iav2, In 1Jurld Ui"g II.

1r, 1'cOomi graduated from the Ward School of E], ctroni-s

Division of Univrersity of Hartford in 1952.

From 1952 to 1955 he vas associated With Ande,'en

Laboratories. T rimary duties were the deVelopen'to of test

equipment to meature the parameters of solid ultrtesonio

delay lines,

From 1955 to 1959 he was associated with ',turrup, Inc.

of Middletown Connecticut. As an Zagineerivs, Assistant his

duties included the design and development of complete

multiple delay systems employing solid ultrasonio delay lines

and the associated electronic circuitry

From 1959 to 1960 he Tias associated with E B. Lewijs 0o

His duties were in the design of prototype crystals.

From 1960 to 1962 Tr14, McOomb was associated with Hart-

ford HospHtal:a Itrtford, Ooiniecticut where he was engaged in

Medical Electronic and Bionic Instrumentation. During this

time he was also a consultant to the E B, levis Co., Inco
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ERfES T B,, LEI S

Mrr Le't.uis attended the Public School System of Meriden.,

Connecticut

He is a graduate of Wesleyan University, Middletown,

Connecticut. While at Wesleyan he majored in Physics

studying under Dr. K.S, Van Dyke and Dr. Walter Oady.

Upon graduation Mr. Lewis entered the advertising field

for a period of four years. Two years of which he operated

his own agency.

In 1941 Mr, Lewis beome associated with the Crystal

Research Laboratories of Hartford, Ocnneotiout in the

oapaoity of General Production Manager.

In 1948 Mr. Lewis founded the S.B. Lewis Go. in Et

Hartford, Connecticut, In addition to operating the E. B.

Lewis Co. he has acted In a consulting capacity to several

crystal manufacturers and also to allied industries con-

cerned with Piezoelectric Phenomena.
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0111tUBLS C1>. ROBBi

Mr. Robb is Chief E3ngineer at the E.B. Lewis Co., Inc.

He studied Civil Egineering at Pennsylvania State

College and has had extensive experience in the Quartz Orystal

field.

During his association with the E.B. Leorie Oo., Inc.

for the past five years he has In addition to his engineering

duties served In both Nanagement and Production Rngineering

capacities.

Prior to hio association with E.B. Lewis Co., Mr. Robb

was a Technioal Director for General Scientific Equipment

Co. where he was concerned itth the Instrumentation for

laboratories in both industry zxnd institutional organizations.

Before Joining General Scientific Mr. Robb was on the

Research and Engineering Staff of Crystal Research Laboratories,

Hart ford, Coxneotiout, vhere he did much work in the field of

thin film deposition. He has several patents and patent

applications relating to Quartz Crystals.

v Page 14



I ,I HOURS

Ernest B1, Lewi7s 
4o0o

Robert P. McComb 248. 0
C1arles G, Robb 12o5
Raymond Moore 

56.0

Thaddeus P2, Kublak 
2,0

Crystal Fabrication 8_

TOT.L 
367.0
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E, B. LEWIS CO., INC. EAST HARTFORDCONN.

FOR ., SHIP TO
R1.. hy alm1 IP PROMISED DELIVERY DATE

IM 6M&3"i- no - - o
amin" -~O9~~3

DESCRIPTION: enterP~W6W1I81" 4-1 bgasl umupl

u-, cR ~10 hkiml~ )DATE **t 190
How Shipped

SCHEDULED

Cutting 0  ,, FOR:

-"goo y7

Lapping, 7w , '

Plating v'' ~*1

.1 0? or' C// er/0 -

Finishing 7;
Oscillator
Correlation

Testing ,

Shipping

TUUMG DBr.
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